Apoptosis appears to have an essential role in the control of germ cell number in testes. During spermatogenesis germ cell deletion has been estimated to result in the loss of up to 75% of the potential number of mature sperm cells. At least three factors seem to determine the onset of apoptosis in male germ cells: (1) lack of hormones, especially gonadotropins and androgens; (2) the specific stage in the spermatogenic cycle; (3) and the developmental stage of the animal. Although male germ cell apoptosis has been well characterized in various animal models, few studies are presently available regarding germ cell apoptosis in the human testis. The first part of this review is focused on germ cell apoptosis in testes of prepubertal boys, with special emphasis on apoptosis in normal and cryptorchid testes. A higher percentage of apoptotic spermatogonia was seen in the cryptorchid testes than in the scrotal testes. The hCG-treatment increased the number of apoptotic spermatogonia. The hCG-treatmentinduced apoptosis in spermatogonia had severe long-term consequences in reproductive functions in adulthood. Increased apoptosis after hCG-treatment was associated with subnormal testis volumes, subnormal sperm density and pathologically elevated serum FSH. This finding indicates that increased apoptosis in spermatogonia in prepuberty leads to disruption of testis development. To evaluate the role of apoptosis in human adult testes, apoptosis was induced in seminiferous tubules that were incubated under serum-free conditions in the absence or presence of testosterone. Most frequently apoptosis was identified in spermatocytes. Occasionally some spermatids also showed signs of apoptosis. In short term incubations apoptosis was suppressed by testosterone. Our findings lead to the conclusion that apoptosis is a normal, hormonally controlled phenomenon in the human testis. The role of apoptosis in disorders of spermatogenesis remains to be established.
Introduction
Only few studies are presently available regarding germ cell apoptosis in the human testis. It is widely accepted, however, that in all species apoptosis plays a major role in spermatogenesis. The role of apoptosis in disorders of spermatogenesis remains to be established. The present work reviews studies performed in our laboratory to evaluate the occurrence of apoptosis in cryptorchid testes. Furthermore, the effect of changes in serum androgen levels following treatment of cryptorchidism with human chorionic gonadotropin (hCG) in scrotal and cryptorchid testis biopsies of prepubertal boys were evaluated.
In the second part of this review the role of germ cell apoptosis in regulation of germ cell number during spermatogenesis is discussed. We also discuss the essential role of androgens as germ cell survival factors during spermatogenesis in adult human testis.
Germ cell number in the human testis during development
Serum concentrations of FSH, LH (Winter et al, 1975) , and testosterone (Forest et al, 1973) are transiently elevated during the first 6 months of postnatal life. At the same time, the total number of testicular germ cells increases closely paralleling the changes in serum gonadotropin and androgen levels (Muller et al, 1984) (Figure 1 ). Subsequently, the number of testicular germ cells decreases, reaching the lowest count per tubule by the age of 2 years, and followed by a gradual increase during the prepubertal period. At the onset of puberty, the number of spermatogonia per tubule rapidly increases concomitantly with an increase in serum gonadotropin and androgen concentrations, an increase in tubular diameter, and the onset of active spermatogenesis .
In prepuberty, two maturational steps have been described in the germ cells. The first step is the transformation of gonocytes into spermatogonia, which is usually complete by 6 months of age. In normal testes, the histomorphometric features of this transformation are a steady decrease in the number of gonocytes from birth until they disappear entirely at about 3 months of age. Simultaneously, a steady increase is observed in the number of spermatogonia, so that by 3 months of age most biopsies contain spermatogonia (Hadziselimovic et al, 1986; Huff et al, 1991) . It has been suggested that spermatogonia are the stable pool of stem cells that continuously replenish the supply of germ cells throughout the rest of life (Clermont, 1996) . The second of the two prepubertal steps in the maturation of germ cells in human testis is the transformation of spermatogonia into primary spermatocytes, which normally begins at approximately 3 years of age. The morphometric feature of this step in normal testes is the appearance of primary spermatocytes while the number of spermatogonia remains stable (Huff et al, 1989) . The changes in germ cell number are closely associated with changes in serum gonadotropin and androgen concentrations. The germ cell number in the human testis is controlled by apoptosis during development.
Increased apoptotic germ cell death in the cryptorchid human testis
Cryptorchidism is the most common congenital disorder in newborn boys. The incidence of cryptorchidism has increased during the last few decades (John Radcliffe, 1992 ) from about 1% to 1.5%. It is a serious risk factor for testicular cancer (Martin, 1982) and an important cause of infertility (Kogan, 1987) .
The pathogenesis of the reduced fertility seen in cryptorchidism has not been fully clarified. Several studies have detailed the morphometric features of cryptorchid testes during the early years of life (Hedinger, 1982; Huff et al, 1989; Schindler et al, 1987) . The germ cell counts of cryptorchid testes are within normal limits during the 1st year of postnatal life. They fall below the normal range between 1 and 2 years of age, reaching the lowest level of germ cells per tubule at approximately 2 years of age (Hedinger, 1982; Huff et al, 1989; Schindler et al, 1987) ( Figure 1 ). The reduced fertility has been linked to the reduced number of germ cells, because the cryptorchid patients with the lowest total germ cell counts have the poorest spermiograms in adulthood .
The unfavorable temperature affecting the undescended testis may also be an important factor in the occurrence of germ cell loss and infertility. The temperature in the scrotum, which is a few degrees lower than the body temperature, is believed to maintain an optimal environment for testicular function. Surgical induction of cryptorchidism in experimental animals causes disruption of spermatogenesis, which leads to infertility (Nelson, 1951) . Furthermore, surgically induced cryptorchidism in the immature rat testis is followed by a time-dependent, 2 ± 4 fold increase in DNA cleavage into the low molecular weight fragments characteristic of apoptosis. The cell type affected by induced cryptorchidism appears to be the primary spermatocyte (Shikone et al, 1994) .
Treatment of cryptorchidism with hCG results in increased apoptotic germ cell death and deteriorated testis function
It has been shown that the germ cell death in the rodent testis takes place through the process of apoptosis (Tapanainen et al, 1993; Billig et al, 1995) . This process is closely controlled by gonadotropins and androgens (Tapanainen et al, 1993; Billig et al, 1995; Sinha Hikim et al, 1995; Henriksen et al, 1995) . It is also known that hCG treatment transiently increases serum androgen concentrations by about 150-fold, i.e. to the levels seen in adult men (Dunkel et al, 1985) , followed by a gradual decrease over several weeks. Therefore we decided to study the effects of the dramatic changes in serum androgen levels following treatment of cryptorchidism with hCG on germ cell death and testis development.
We evaluated the occurrence of apoptosis in the scrotal and cryptorchid testes of 73 prepubertal boys, 43 of whom had received hCG treatment, which consisted of 10 injections over a period of 5 weeks (Heiskanen et al, 1996) . A single dose for patients less than 12 months was 250 IU, for patients under 7 years, 500 IU, and for patients over 7 years, 1000 IU. The ages of the patients ranged from 11 months to 11 years (mean 5.2 years). A total of 102 testis biopsies were examined. With the in situ 3' end- Figure 1 A schematic presentation of the interrelationships between gonadotropin levels and testicular germ cell counts during development (infancy 0 ± 1 years; prepuberty 1 ± 10 years; puberty 10 years). In cryptorchidism the germ cell counts are within normal limits during the first year of life and fall below the normal range between 1 ± 2 years of age. The figure is based on data from Forest et al, 1973; Winter et al, 1975; Muller et al, 1984 and labeling technique, the apoptotic cells in the seminiferous tubules were identified as being exclusively spermatogonia ( Figure 2A ). These apoptotic spermatogonia appeared as single cells in both the scrotal and the cryptorchid testes.
Overall, when the number of apoptotic spermatogonia was expressed per square millimeter of tubular area, the scrotal testes contained more apoptotic spermatogonia than the cryptorchid ones. The higher number of apoptotic
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After hCG treatmenẗ A B C Figure 2 Apoptotic cell death in situ in the germ cells of the human testis in prepuberty. (A) A representative testicular biopsy from a scrotal testis of a 5-year-old boy is shown. The histological sections were stained with an in situ 3' end-labeling technique in which the digoxigenin-ddUTP label is detected by digoxigenin antibodies conjugated with alkaline phosphatase. Arrows indicate apoptotic cells, which were exclusively spermatogonia. (B) The percentage of apoptotic spermatogonia in the scrotal (n=33) and cryptorchid (n=69) testes of prepubertal boys. The total number of spermatogonia was decreased in the cryptorchid testes. However, the percentage of apoptotic spermatogonia was increased, suggesting that in cryptorchidism, the accelerated decrease in the number of spermatogonia is due to increased level of apoptosis. hCG treatment dramatically increased the number of apoptotic cells (***; p60.01). Values are mean+SEM. (C) The specificity of the apoptotic staining in situ in selected biopsies. The typical ladder pattern indicates the extent of DNA fragmentation, consistent with numbers of stained cells. For this detection technique, one microgram of DNA from each biopsy sample was isolated before labeling its 3' ends with radioactive (a-32P) dideoxy-ATP. The DNA samples were then loaded on agarose gels and separated by electrophoresis. Evidence of apoptosis, indicated by the occurrence of internucleosomal DNA breakdown into 185-basepair (bp) multiples, is observed. Figure 3 The outcome of hCG treatment-induced apoptotic DNA fragmentation. The relative levels of low molecular weight DNA fragmentation are shown for patients who were treated for cryptorchidism either operatively only (No hCG, n=10) or operatively after preceding unsuccessful treatment with hCG (After hCG, n=15) in prepuberty. The hCG-treated patients were subdivided according to normal or pathological values for testis volume, sperm density or serum FSH levels in adulthood. The clear differences in low molecular weight DNA between the two groups indicates that the level of DNA fragmentation in prepuberty predicts testis function in adulthood. Values are mean+SEM.
spermatogonia in the scrotal than in the cryptorchid testes was due to the lower number of spermatogonia in the cryptorchid testes, as evidenced by the higher percentage of apoptotic spermatogonia in the cryptorchid testes than in the scrotal testes ( Figure 2B ). Analysis of the hCG treatment demonstrated that 1 ± 4 weeks after hCG treatment the number of apoptotic cells had increased significantly as compared with the non treated group ( Figure 2B and C).
Having found increased apoptotic germ cell death after hCG treatment of cryptorchidism in testis biopsy specimen taken more than 20 years ago, we assessed the possible long-term consequences of the hCG treatment-induced germ cell death in prepuberty on reproductive functions in adult life.
We studied 25 of the same cryptorchid patients now in their adulthood. Fifteen of these had received unsuccessful hCG therapy before orchidopexy and the remaining ten patients had been treated with orchidopexy alone. Apoptosis detected in testis biopsies taken in prepubertal life was correlated with various parameters of testicular function in adult life. Sperm was collected after a minimum of 2 days of abstinence. Semen analysis was done within 2 h and interpreted according to the World Health Organization criteria (WHO, 1992); sperm density was considered normal, when the sperm concentration was at least 206106 spermatozoa/ml. From each patient, the baseline serum FSH, LH, testosterone and prolactin levels were quantified using conventional radioimmunoassays. Figure 4 Summary diagrams of the distribution of the type of germ cells undergoing degeneration in the rat testis. The green areas represent the presence but not the number of spontaneously degenerating cells, the yellow line represents the relative level of apoptosis in various stages of the spermatogenic cycle. The germ cells most susceptible to testosterone withdrawal induced by EDS treatment (red areas). In round spermatids apoptotic cell death is prevented by FSH (blue areas). Modified from (Henriksen et al, 1995; Henriksen et al, 1996) . Quantification with low molecular weight DNA (510 kb) showed that testicular DNA from boys who had not received hCG treatment for cryptorchidism showed very low levels of DNA fragmentation. In contrast, the amount of low molecular weight DNA in samples taken after hCG treatment was 2.9-fold as compared with the samples without prior hCG treatment (p50.001).
About 20 years after the biopsy, the volume of the cryptorchid testis was smaller in the hCG-treated group than in the non-treated group (12.7+0.8 mL versus 9.4+0.9 mL, p50.01). The sperm densities were also lower and the FSH levels higher in the patients with excessive apoptosis in spermatogonia following treatment with hCG. The level of DNA fragmentation detected in testis biopsies taken in prepuberty predicted well the outcome of the testis function. Among the patients who had received hCG treatment for cryptorchidism in prepuberty, those who had subnormal testis volumes, subnormal sperm density, or pathologically elevated serum FSH levels had had significantly more apoptotic DNA fragmentation after hCG treatment (Figure 3 ). These data suggest that the development of the testis may be severely disrupted by hCG treatment-induced germ cell apoptosis.
Germ cell degeneration and apoptosis during spermatogenesis
In the rodent testis, multiplication of germ cells in the testis is always accompanied by degeneration of some of the proliferating cells. During spermatogenesis germ cell death occurs spontaneously at various phases of germ cell development, and in consequence the seminiferous epithelium yields fewer spermatozoa than would be anticipated from spermatogonial proliferations (Clermont, 1962; Huckins, 1978; Wing et al, 1982) . Germ cell deletion during normal spermatogenesis has been estimated to result in the loss of up to 75% of the potential numbers of mature sperm cells in the adult testis (De Rooij et al, 1987; Huckins, 1978; Oakland, 1956) . Detailed analyses of germ cell degeneration have been published (Allan et al, 1992; Clermont, 1962; De Rooij and Lok, 1987; Huckins, 1978; Kerr, 1992; Wing and Christiansen, 1982) ; morphometric analyses of semithin sections of perfusion-fixed testes have indicated that the loss of germ cells in the rodent testis is greatest during the mitoses of type A2, A3, and A4 spermatogonia and during the first meiotic division ( Figure  4) . No degeneration occurs in type A1 spermatogonia, or in intermediate or type B spermatogonia (Johnson et al, 1984; Kerr, 1992) (Figure 4) . The mitotic and meiotic divisions take place at distinct stages of the cycle of the seminiferous epithelium (often referred to as spermatogenic cycle). Therefore, spontaneously degenerating cells can normally be found only at certain stages: at stages II ± VII few if any cells degenerate, whereas stages XIII ± I show considerable germ cell degeneration (Johnson et al, 1984; Kerr, 1992; Wing and Christiansen, 1982) (Figure 4) .
Although the degeneration of testicular germ cells was originally characterized more than a century ago (Flemming, 1887), it was only recently discovered how the cells die. On the basis of morphological evidence, it was first suggested that cell death of spermatogonia during normal spermatogenesis takes place through the apoptotic mechanism, the spermatocytes and spermatids, in contrast undergoing necrosis (Allan et al, 1992) . Recently, however, quantification of small molecular weight DNA fragments and in situ DNA 3'end-labeling analyses of apoptosis in the testis have shown that spermatocytes and spermatids can also undergo apoptosis (Billig et al, 1995 Figure 5 Testosterone-mediated inhibition of apoptosis induced in human seminiferous tubules cultured in serum-free conditions. Small tissue sections of seminiferous tubules from adult human testis were isolated and incubated under serum-free conditions in the absence or presence of testosterone. After incubation, small tissue sections were snap-frozen in liquid nitrogen, DNA was extracted, 3' end-labeled with digoxigenin-ddUTP, and fractionated through agarose gels. Apoptosis was revealed by low mol wt DNA fragmentation (185 bp multiples) in Southern blot analysis. Low mw DNA (51.3 kb) quantification was performed by using the MCID Image Analyzing System. (A) Relative level of germ cell apoptosis. The extent of low mw DNA (y-axis) is expressed relative to the levels at the beginning of the experiment (time 0 h). (B) The spontaneous apoptotic DNA laddering became more intensive as the incubation time in serum-free conditions increased. The spontaneous apoptosis was suppressed by testosterone only in short-term incubations. (n=3). et al, 1995) . During normal spermatogenesis, apoptosis has been shown to take place in the very same cells and stages in which germ cell degeneration was previously observed (Billig et al, 1995; Henriksen et al, 1995) (Figure 4) , indicating that germ cell degeneration is in fact apoptotic cell death.
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The physiological significance of germ cell apoptosis is as yet unclear. It may be a means for regulating the number of differentiating spermatogonia to meet the capacity of the Sertoli cells to support the developing germ cells. The outcome of this regulation would be a constant number of meiotic cells. Since Sertoli cells do not divide in adulthood and are able to support only a certain number of germ cells at a time, the number of spermatogonia entering meiosis must be limited . Apparently, when too many spermatogonia are formed, the surplus cells degenerates (De Rooij et al, 1987) , most likely by apoptosis.
Hormonal regulation of germ cell apoptosis during spermatogenesis
Russel and Clermont (Russel et al, 1977) have shown that the first cells to generate after hypophysectomy in adult rats are primary spermatocytes and spermatids at stage VII of the spermatogenic cycle. FSH does not inhibit this degeneration, whereas LH or, more efficiently, a combination of FSH and LH, is able to prevent the damage. These data suggests that androgens (stimulated by LH) are indispensable for the maintenance of spermatogenesis. Extensive evidence supporting this concept has been accumulated since the 1970s (for review see Sharpe, 1994) .
More recently it was reported that in the immature rat testis, hypophysectomy and treatment with gonadotropinreleasing hormone (GnRH) antagonist results in a marked increase in apoptosis (Tapanainen et al, 1993) . Supplementation with FSH agonist, hCG, or testosterone partially inhibits apoptotic DNA cleavage. The role of testosterone in inhibition and induction of apoptosis in the immature rat testis was recently further clarified by in situ quantification of squash preparations (Henriksen et al, 1995) Destruction of Leydig cells with ethane dimethane sulfonate (EDS) in vivo resulted in rapid apoptosis of Leydig cells and a subsequent decrease in both serum and intratesticular testosterone concentrations. The reduction in androgen induced a significant increase in the number of apoptotic cells in the seminiferous tubules at stages II ± XI of the spermatogenic cycle, primarily affecting the pachytene spermatocytes in stages II ± VIII, and step 16 ± 18 spermatids in stages II ± VI (Figure 4) . Interestingly, testosterone seemed to be a positive regulator of apoptotic germ cell death at stage XII. (Henriksen et al, 1995) .
The role of FSH during spermatogenesis is not clear. The main target cells for FSH are considered to be the Sertoli cells via which the action of FSH is signalled. In the adult rat FSH is suggested to be needed for the maintenance of spermatogenesis whereas in the immature rodent FSH is required also for the initiation of spermatogenesis (Tapanainen et al, 1993) . Mouse (Haneji et al, 1984) and immature rat (Boitani et al, 1993) spermatogonia were stimulated by FSH in an in vitro model. In vivo the spermatogonia of the juvenile (Arslan et al, 1993) and adult non-human primate (van Alphen et al, 1988) were stimulated by FSH. The number of type B spermatogonia seemed to be regulated by the action of FSH (Sharpe, 1994) . In an in vitro model of adult rat germ cell apoptosis FSH prevented apoptosis of seminiferous epithelial cells in a stage ± stage specific manner. Apoptosis of round spermatids and pachytene spermatocytes was inhibited by FSH .
On the basis of quantifications of DNA fragmentation, a gradual increase in apoptosis has been observed in the testis cells of juvenile (16 to 28-day old) rats as compared
Male germ cell apoptosis L Dunkel et al with neonatal (8-day old) animals, followed by a decrease in adult animals (Billig et al, 1995) . Taken together, the studies referred to above have shown that at least three factors determine the onset of apoptosis in male germ cells: (1) lack of hormones, especially gonadotropins and androgens; (2) the specific stage in the spermatogenic cycle; (3) the developmental stage of the animal.
Germ cell apoptosis in human testis during spermatogenesis
The results discussed above regarding apoptosis in the rodent testes appear to be consistent with our recent findings in the human. To evaluate the role of apoptosis in human testes we incubated small tissue sections of seminiferous tubules from human testis. The samples were obtained from three adult men undergoing orchiectomy for testis cancer. The patients were otherwise healthy and had not had any medication before the operation. The operations were performed at the Department of Urology, University of Helsinki, Finland. The tissue was taken from the non-cancer area of the testes. Small tissue sections, that were dissected under a transillumination microscope, were incubated under serum-free conditions for 0, 4 and 24 h in the absence or presence of testosterone. The incubations were performed at 348C in a humidified atmosphere containing 5% CO 2 .
After incubation, the small tissue sections of seminiferous tubules were snap-frozen in liquid nitrogen, DNA was extracted, 3' end-labeled with digoxigenin-ddUTP, and fractionated through agarose gel (1000 ng/lane). Apoptosis was revealed by low mol wt DNA fragmentation (185 bp multiples) in Southern blot analysis ( Figure 5 ). Low mw DNA (51.3 kb) quantification was performed by using the MCID Image Analyzing System. The apoptotic laddering B B1 B3 B2 B4 Figure 6 Morphological analysis of apoptosis in adult human testis tissue. To induce spontaneous apoptosis small tissue sections of seminiferous tubules from adult human testis were isolated and incubated under serum-free conditions. The small tissue sections of seminiferous tubules were fixed in glutaraldehyde. (A) Toluinide blue stained segments of seminiferous tubules were analyzed under the light microscope. The morphological signs of apoptosis (arrows) were mostly seen in spermatocytes (A1, A2, A3). Some spermatids also showed signs of apoptosis. Some of the cells that were in late stage of apoptosis could not be identified. Consistent with the results of DNA fragmentation analysis, a time-dependent increase in morphological apoptosis was observed (A1=0 h, A2=4 h, A3=24 h). (B) The further confirmation of the apoptotic nature of cell degeneration was done by electron microscopy. Small clumps of heterochromatin could be distinguished in the nuclei of the cells in early stages of apoptosis. In later stages of degeneration the areas of heterochromatin became larger. Condensated chromatin and irregular pattern of organelles were seen in the latest stages of apoptosis. Morpholigical signs of apoptosis were most frequently identified in spermatocytes and occasionally in some spermatids. B1: normal spermatocyte; B2: apoptotic spermatocyte: B3: apoptotic spermatid with crescent-like condensation of chromatin; B4: late apoptosis, cell not identifiable (B) B1=4 h, B2=4 h, B3=4 h, B4=4 h).
seen in the Southern blots rapidly increased with incubation time. Spontaneous apoptosis was suppressed by testosterone concentration of 10 ± 7 M for about 4 h ( Figure 5 ). After 24 h of incubation the suppressive effect of testosterone could not be observed, For the morphological analysis of apoptotic cells small tissue sections of seminiferous tubules were fixed in glutaraldehyde. The apoptotic nature of the dying cells was confirmed by morphological signs of apoptosis under light-and electronmicroscopy ( Figure 6 ). Toluinide blue stained segments of seminiferous tubules from human testis were analyzed under the light microscope. Those apoptotic cells that could be identified were mostly spermatocytes. A few spermatids also showed signs of apoptosis.
The further confirmation of the apoptotic nature of cell degeneration was done by electron microscopy. Small clumps of heterochromatin could be distinguished in the nuclei of the cells in early stages of apoptosis. In later stages of degeneration the areas of heterochromatin became larger. Condensated chromatin and irregular pattern of organelles were seen in the latest stages of apoptosis. Morphological signs of apoptosis were most frequently identified in spermatocytes. Occasionally some spermatids also showed signs of apoptosis.
Genes involved in germ cell death
The members of bcl-2 gene family have reported to be involved in the regulation of apoptotic death in various cells via hetero-or homodimeric actions (Hockenbery, 1995) . Bcl-2 and bcl-xL function to block programmed cell death. In contrast, bax and bcl-xS have the ability to counter death repressor effects and induce apoptosis (Reed, 1994) . There is some evidence that bcl-x and bcl-2 are not expressed in spermatogonia (Hockenbery, 1995; Krajewski et al, 1994) , but the exact roles of the members of this large gene family have not yet been established in the testis. Disordered seminiferous tubules, an accumulation of atypical premeiotic germ cells and no haploid sperm were characters of bax knockout mice, which were infertile (Knudson et al, 1995) . Cell death was accompanied with dysplastic cells and multinucleated giant cells.
Fas ligand (or Apo-1, CD 95) belongs to the TNF (tumor necrosis factor) family. It has reported to induce apoptosis via Fas, its cell surface receptor. Fas ligand, which size is shorter than in other tissues (Suda et al, 1995) , is expressed in testes Sertoli cells (Bellgrau et al, 1995) . The role of Fas in germ cell apoptosis is unknown.
A tumor suppressor protein, p53, is recognized to take part in the induction of apoptosis (Evan et al, 1995) . Following DNA damage the level of p53 increase rapidly and there is an evidence that it is an important component of the G1 arrest during the cell cycle (Kastan et al, 1991; Kuerbitz et al, 1992) . p53 protein was immunohistochemically detected in tetraploid pachytene primary spermatocytes (Schwartz et al, 1993) . Recently, p53 protein accumulation after exposure to X-rays in mice was investigated. No accumulation of p53 protein was observed in the testis (Wang et al, 1996) . Clusterin (TRPM-2, apolipoprotein J, sulphated glylycoprotein-2) is a protein that is secreted by Sertoli cells and might be associated with apoptosis in testes. The secretion of clusterin in rat testes has been reported to be stage specific (Kangasniemi et al, 1992) . It has been proposed to participate in cell ± cell interactions , cellular remodeling and differentiation (Ahuja et al, 1994) as well as programmed cell death in many tissues (Buttyan et al, 1989) . There is immunohistochemical data suggesting clusterin to be associated with degenerating germ cells in human testes (O'Bryan et al, 1994) .
So far, genes involved in regulation of germ cell death in the human testis have not been defined.
Conclusions
Our findings lead to the conclusion that apoptosis is controlled by several exogenous factors, e.g. hormones in the human testis. In prepuberty cryptorchidism decreases its occurrence by reducing the number of germ cells capable of undergoing apoptosis. Apoptotic loss of spermatogonia after hCG treatment of cryptorchidism has dramatic long-term consequences. Because of the poor success rates to induce testicular descent, and the negative effects on subsequent reproductive function, the potential long-term hazards of hCG treatment of the testis should be critically re-evaluated.
In adult human testis spontaneous apoptosis can be in vitro induced by incubating small tissue sections of seminiferous tubules under serum-free conditions. Apoptosis is most frequently identified in spermatocytes. Occasionally some spermatids also undergo apoptosis. The role of testosterone in the maintenance of spermatogenesis and in the inhibition of apoptosis in the rodent testes appear to be consistent with the human. The spontaneous germ cell apoptosis induced under serum-free conditions is suppressed by testosterone indicating that testosterone is a critical germ cell survival factor also in the human testis.
